
Zero-Carbon Gas-Turbine 
Power and Propulsion

Chih-Jen Sung

School of Mechanical, Aerospace, and Manufacturing Engineering

University of Connecticut
 

Prepared for
Fourth International Conference on Green Aviation

 

November 3, 2026



Gas Turbine Global Value of 
Production Trends



“Net-Zero Carbon” Fuel Options
in Aviation: Volume and Weight



H2- and NH3-based Engines (1)



H2- and NH3-based Engines (2)



Challenges: How to Burn NH3 with 
Low Emissions (1)
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Rich-burn/Quick-quench/Lean-burn 
(RQL) Concept



Re-Think Approach to 
RQL Combustion (1)



Re-Think Approach to 
RQL Combustion (2)



Re-Think Approach to 
RQL Combustion (3)



Challenges of Adopting RQL Concept 
to NH3



Chemical Reactor Network 
(CRN) Modeling (1)



Chemical Reactor Network 
(CRN) Modeling (2)



Chemical Reactor Network 
(CRN) Modeling (3)



Chemical Reactor Network 
(CRN) Modeling (4)



Chemical Reactor Network 
(CRN) Modeling (5)



Chemical Reactor Network 
(CRN) Modeling (6)



Development of Lab-Scale 
Ammonia Combustor

• Adoption of rich-burn/quick-quench/lean-burn (RQL) 
strategy for ammonia combustion under aero gas-turbine 
relevant conditions

• Application of a CRN guided, CFD modeling design 
approach for iterative variations in geometry and conditions 

• Design of a swirl-stabilized ammonia burner

• Design optimization of rich- and lean-zone dimensions

• Design optimization of quench-jet flow split and layout

• Performance target: NOx emissions below 30 ppmvd 
(at 15% O2, humidity-corrected)



CRN Guided, CFD Design Approach (1)



CRN Guided, CFD Design Approach (2)



• For NH3 flames, 
– decoupling turbulence and chemical 

kinetics is inappropriate due to similar flow 
and NOx production chemical time-scales.

– turbulent eddies are embedded within the 
reaction zone  turbulence–chemistry 
interaction must be modeled in CFD.

– turbulence-chemistry interaction is modeled 
using the  ( ), 
though at high computational cost.

 assumes that chemical reactions occur 
within the smallest turbulent scales, where 
steep species and temperature gradients 
yield intense local mixing.

CRN Guided, CFD Design Approach (3)



CFD Methodology (1)



CFD Methodology (2)



Swirl Burner Design
• Tangential NH3 injection aligned with air 

swirl  preserves swirl strength and 
enhances flame anchoring.

• Injector to promote CRZ 
formation and enhance flame stabilization 
for NH3 combustion.

• Fuel orifice sized for tip pressure drop < 8%; 
air swirler sized to a typical combustor 
dome pressure drop.

, selected 
for flame anchoring across low- 
and high-pressure, high-temperature 
operating conditions.



Rich-Zone Design



Quench-Zone Design
• Contraction section added downstream of 

rich-zone to prevent quench air backflow.
• Quick-mix jet penetration depends on number, 

spacing, shape, slant angle of orifices, axial 
mass addition rate, and orifice-induced swirl.

• NOx minimization in quick-mixer: tradeoff 
between effective initial mixing and wall-
region mixing downstream of injection plane.

• Optimized jet-to-mainstream mass-flow and 
momentum-flux ratios to avoid under- or 
over-penetration.

• Using CFD,  
yielded the lowest NOx quick-mixer 
configuration.



Lean-Zone and Full Path Design



CFD–CRN Results



Concluding Remarks
• Leveraging carbon-free fuels in advanced power and propulsion systems 

has the potential to reduce net CO2 emissions.
• Aviation is difficult to de-carbonize, but new fuels offer efficiency 

improvements to help enable.
• Hydrogen has challenges, but brings opportunity as cryo-fuel/cryo-fluid 

in aviation.
• Ammonia is viable as a carbon-free, high-efficiency transportation fuel, 

including in aviation.
• NH3 requires fundamentally different RQL design approach compared to 

conventional hydrocarbon fuels.
• Low-NOx, NH3 combustion achievable in RQL architecture when rich-

zone τres ​and quench-zone mixing are co-optimized.
• A comprehensive ammonia combustion kinetics is essential for optimizing 

conditions to minimize NOx emissions in high-pressure GT operations.



Swirler plenum

Quartz tube for 
diagnostics

Swirl-Stabilized Ammonia Flame Rig


